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1. Introduction 
 
The pig husbandry in the Netherlands has considerably changed during recent years. Large 
scaling up took place leading to the disappearance of small firms and the increase of big firms. 
Further, the volume of the pig husbandry decreased as a whole with about 20 percent in five 
years time and the image of the sector worsened due to diseases, restricting legislation and fodder 
scandals. In order to compete these threats, the pig husbandry introduced the Eco Label Pork, 
which is environmentally and animal friendly produced and of high quality. 
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The Dutch Foundation of Eco Labeling originated in 1992 as a co-production of government, 
producers, consumers, retail and environmental organizations. It is the Dutch competent body for 
the European Eco Label. The aim is to stimulate animal and environmentally friendly production 
using a protected label. A product awarded with the Eco Label is much more friendly to the 
environment compared to most similar products. The Eco Label can be found on photocopying 
paper, labels, chairs, shoes, linoleum, writing pads, toilet paper, car polishing products, car-
washes, cat litter, organic waste base plates, plants and flowers, bread, apples, pears, onions, 
barley, wheat, apple juice, potatoes and other things. 
 
In the mean time the initiators of the Eco Label Pork, producers, supply chain members and 
NGOs have gained experience with the development of the Eco Label Pork as a socially sound, 
practically applicable and independent alternative for the usual pork production. At the moment, 
about 26 000 pigs a year are produced, treated and sold under Eco Label. Specific Eco Label 
requirements have to do with the farming and the logistics within the supply chain (e.g. 
restrictions on the maximum travel time from farmer to slaughter house). At the moment, the 
purpose of the parties concerned with the Eco Label Pork is to obtain a real sustainable supply 
chain as well as to stimulate the volume of the production and sales of the Eco Label Pork.  
 
Increasing the volume of production and sales of a relatively new product asks for the 
development of an efficient and effective distribution network in the supply chain. The subject of 
this article is to obtain insight in the efficiency of distribution networks for the Eco Label Pork in 
the long run, by minimizing costs given specific Eco Label related restrictions.  
 
Section 2 describes the problem framework, section 3 focuses on the methods to analyze 
distribution systems and section. Section 4 introduces the model framework whereas section 5 
contains the results of the scenario analysis. Finally, section 6 holds the conclusions. 
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 2. Problem Description   
 
A lot of effort has been made to recruit pig-farmers for the Eco Label pigs supply chain. The Eco 
Label organization expects a huge growth of the production of the Eco Label pigs. This is not 
only expected by the organization, but also necessary to get the supply chain profitable and the 
consumer price not much higher than the price for ordinary pig meat.  
Growth of production is not the only method for reaching this objective. A complementary 
method is getting the supply chain processes more efficient. The supply chain starts at the pig 
farmers. The pigs are distributed to slaughterhouses where they are processes into carcasses. The 
carcasses are distributed to wholesalers, and the Eco Label Pork is distributed to butchers (and in 
the future hypermarkets), where the pork is sold to customers (see Figure 1). 
 
 
 
 
 
 
 
 
Pig-farmer Slaughter-houses Wholesalers Butcher Consumer 
 
 
             -    Area of interest  - 
               
Figure 1: Distribution structure for the Eco Label pigs 
 
The production of the Eco Label pigs momentarily is 26000 pigs a year. It is hard to make 
demands on the slaughterhouses by this relative low production. The distribution structure of the 
supply chain is rather straightforward because of the concentration of the production in the South 
of the Netherlands. Only one wholesaler and one slaughterhouse are part of the supply chain. 
The intention of the Eco Label organization is to let the production grow to one million pigs a 
year over the next five years. The structure will then become far more complicated. The question 
is:  which distribution structure is at the long term most efficient? 
   
The research objective is to: 
Provide insight in the efficiency of the distribution network of Eco Label pigs at the long term, by 
minimizing the relevant costs. 
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 We focus on the following research questions: 
• How is an efficient distribution structure set up? 
• Which methods and techniques fit to analyze distribution structures? 
• Which aspects have to be taken into account in finding an efficient distribution 
structure? 
• Which conclusions can be drawn based on the efficiency analysis of the distribution 
structure? 
 
3. Distribution systems 
 
The distribution system for Eco Label Pigs can be designed from different perspectives, 
depending on the structure that already exists and the objectives underlying the distribution 
system. If a completely new network has to be developed, different answers are needed compared 
to the case where the Eco Label Pigs can be distributed via an existing network. In this section we 
investigate some important location questions and motivate the choice for our solution procedure 
based on the characteristics of the problem area. 
 
3.1 Location Problems 
 
In this paragraph we describe the important questions dealing with location decisions. Designing 
a distribution network consist of a number of location decisions. These decisions contain the 
allocation of production, storage, capacity and transport related facilities. In a location problem, 
decisions have to be made on the number of facilities, at which location, with what production so 
that the demand gets fulfilled and the objective is being optimized. 
Location decisions can be split up in five important questions:     
1. Number: How many locations should be placed? 
2. Location: Where should the facilities be located?  
3. Facility role: What role should each facility play? What processes are performed at each 
facility? 
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4. Capacity allocation: How much capacity should be allocated to each facility? 
5. Market and supply allocation: What markets should each facility serve? Which supply 
sources should feed each facility? 
 
All location decisions influence each other. That is why it isn't possible to take one decision apart 
from the others (Chopra and Meindl, 2001). 
 
3.2 Characterization of the Eco Label Location Problem 
 
The research exists out of the following questions: 
• Which slaughterhouse or slaughterhouses can best be used? How many of them, at which 
location? 
• Which wholesalers can be best be used? How many, at which location? 
• Which Pig-farmers are allocated to which slaughterhouses? Which wholesalers are allocated 
to which slaughterhouses? 
The location and number of pig-farmers are not included in the location decision, because these 
are future data and can hardly be influenced by the Eco label organization. 
 
A few important differences can be found between the Eco Label location problem and general 
location problems in scientific literature: 
 
1. The main difference is the independence of the facilities being analyzed. The Eco Label 
organization has a coordinating role in the supply chain, but does not own the chain. 
Therefore, they dont have much influence, especially towards the slaughterhouses and 
wholesalers.  
2. Coherent with the first difference, in the literature most location problems exist of 
facilities that have to be build. Building a facility has great investing costs, which does not 
apply here, because in this case the facilities already exist. As a result it is fairly easy to 
switch facilities.  
 5
3. The investigated supply chain consists for one part out of living material and for another 
part out of perishable products, so no stock costs arise in this case. Most location 
problems deal with tangible non-living products allowing for stocks.  
4. In general the production facilities are big factories, of which a few are used, but with a 
large production. In the pig-industry production facilities are many, the pig-farmers, but 
with a small production. Combined with the fact that the exact location of future pig-
farmers is not known yet, the individual coordinates of the pig-farmers cannot be used in 
the model. A solution could be clustering the pig-farmers, for example by region.  
5. The last difference between the case and the literature is push versus pull. In this location 
problem, the objective is not to fulfill demand (pull model), but to deliver production 
(push model). The butchers (i.e. the demand side of the supply chain) have agreed in a 
covenant to take all Eco Label Pork produced in the supply chain. Therefore the supply 
side determines the flows in the network structure.  
 
3.3 Characteristics of Location Problems 
 
Many publications exist on location problems, due to the large diversity of the problem settings. 
This diversity proceeds from a variety of applications, underlying objectives and characteristics 
of the problem. The application can vary from location selection of factories, warehouses and 
distribution centers to allocating space in a factory to machinery, the cafeteria, tool room and 
toilets.  
 
The first distinction is related to the nature of the objective, which can be either qualitative or 
quantitative. Qualitative objectives are relative easy to understand and therefore often used. 
Examples of qualitative factors are infrastructure, presence of labor (quality as well as quantity), 
presence of land, nearness of markets and suppliers etc. (Chopra and Meindl, 2001) and (Sule, 
2001). A well known example of a qualitative method is the ranking method. With this method 
the managing team selects factors that they think are important for the location decision being 
made. Also, a maximum weight for each factor is determined on a scale from 0 to 100. Each 
location is given a score for each factor from 0 to the maximum weight. The location with the 
highest overall score is favorable. The qualitative methods are fairly easy to understand and also 
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have as advantage the possibility of analyzing multiple factors at the same time. The 
disadvantage of these methods is the subjectivity through the influence of personal opinions of 
the management team (Heizer and Render, 2001). 
 
A qualitative method is suitable for developing distribution networks if the network is completely 
new or the network has to fulfill multiple objectives, for example with environmental burdening. 
This is essential with building facilities, if the environment, licenses and many strategic plans 
have to be taken into account.  
 
This method would be very worthwhile if no network structure exists for the Eco Label Pork. In 
the current situation, other questions have to be assessed: a selection is to be made out of existing 
wholesalers and slaughterhouses, not a selection of locations for building them. Because of this a 
quantitative method, minimizing a mathematical formula consisting of quantifiable costs is more 
suitable. In the remaining of the article we focus only on quantitative methods.  
 
Within quantitative methods, we distinguish continuous and discrete location problems. A 
discrete location problem has a finite set, a given number of possibilities, for the possible 
locations (Barros and Labbé, 1994). A problem is continuous if all locations in a certain space are 
possible, i.e. the possible locations form an infinite set (Plastria, 1995). Again, these methods can 
be very useful in developing a distribution network without any history. These type of methods 
can also be used if e.g. butchers and customer areas have to be located. In our problem setting, 
the wholesalers and slaughterhouses that have to be selected already exist. There is no free choice 
of locations to build these facilities, so this specific problem has a final set of possible locations 
and is thereby a discrete problem. 
 
Another characteristic of quantitative methods is the variety in mathematical objectives. Five 
categories can be mentioned (Sule, 2001): 
1. p-Median problem 
2. p-Center problem 
3. Uncapacitated facility location problem (UFLP) 
4. Capacitated facility location problem (CFLP) 
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5. Quadratic assignment problem 
The p-median problem has the objective to place p facilities at p locations at minimum costs. The 
costs can be defined as value of time, money, distance, etc. This problem is also called minisum 
or Weber problem (O'Kelly, 1995). 
The p-center problem or minimax problem has the objective to place  p facilities at p locations 
minimizing the maximum distance from a facility to a point of demand. This type of objective is 
typical for locating emergency services, such as fire stations, police and hospitals (O'Kelly, 
1995). 
The uncapacitated facility location problem (UFLP) (Harkness and ReVelle, 2003) has the same 
objective as the minisum problem, but the cost formula contains a fixed cost component, i.e. also 
costs are related to the facilities themselves. Because the capacity of each facility is infinite, it is 
never optimal to allocate a specific demand to multiple facilities.  
The Capacitated facility location problem (CFLP) (Harkness and ReVelle, 2003) is the same as 
UFLP, except for the capacity constraint.  
The Quadratic assignment problem defines problems, where n facilities, such as n machines with 
their own production flow, at n locations at the same time have to be placed to minimize the 
costs. 
 
Depending on the cost structure, different problem categories are suitable. If all cost components 
deal with transportation, a p-Median or p-Center problem will satisfy. If some of the supply chain 
costs are related to the facilities, the facility location problem suits best. If the facilities have 
restricted capacities, due to the fact that these facilities already exist, the problem can be defined 
as a Capacitated facility location problem (CFLP).  
 
The central method for quantitative analysis is linear programming. This method is used very 
often. Linear programming (LP) is a well-known technique, thanks to a very fast algorithm (the 
simplex-algorithm). A basic LP-model can be used to solve location problems with existing 
facilities and only costs related to flows. These costs can be expressed as money, but also 
distance or time. The models can be used for example to solve discrete p-center en p-median 
problems. 
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For the UFLP and CFLP, the basic LP-model is extended with an added integer decision variable, 
locations can be "open or closed". The costs related can be building the facility or rent. This 
method, Mixed integer linear programming (MILP), deals with both continuous and integer 
values. With the LP and MILP most problems can be resolved.  
 
The next characteristic is the number of levels of the location problem. A single-level location 
problem has to locate one level of locations, whereas other locations are fixed. If multiple 
facilities of different nature have to be located, such as warehouses and factories (2-level), the 
problem is a multi-level problem.  
  
A last characteristic is the number of periods in the problem. Location decisions are in general 
long term of nature, because of the investment costs. If an organization expects few changes in 
the market situation, the problem often is analyzed as a single period problem, i.e. with one set of 
input data. The counterpart of a single-period problem is a multi-period facility location problem 
(MFLP). This problem suits organizations with very variable market or cost conditions over time. 
With this problem, location decisions have to be made about the number of facilities to be 
located, with what production, in each period for a known demand. These decisions are made up 
front, with a rolling horizon in which the values of the variables of the problem can change 
(Canel and Sidhartha, 1999). Publications on multi-period facilities location problems using exact 
and heuristic methods are overviewed in e.g. (Canel and Sidhartha, 1999). Also, a couple of 
studies exist, combining mixed-integer programming with dynamic programming to solve the 
MFLP (Canel and Sidhartha, 1999). With this method, first all individual periods are optimized, 
then the overall solutions is analyzed for the whole time horizon with dynamic programming. 
 
3.4 Choice of Problem Characteristics for the Eco Label Location Problem 
 
Looking back at the characterization of location problems we can see that:  
i. The wholesalers and slaughterhouses that have to be selected already exist. There is no 
free choice of locations to build these facilities, so this specific problem has a final set of 
possible locations and is thereby a discrete problem.  
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ii. A part of the supply chain costs are the slaughtering costs. These costs are related to the 
facility, the slaughtering house. The slaughterhouses as well as the wholesalers have 
restricted capacities. This of course is related to the fact that these facilities already exist. This 
is why the problem is defined as a Capacitated facility location problem (CFLP), solved by 
mixed integer programming. 
iii. The research has a strategic character. The objective is an analysis of the distribution 
network in a time horizon of five year. This means that the problem is a multi-period location 
problem with five periods. Because of the lack of investment costs (the facilities already exist 
so do not have to be built), it is rather easy to switch between facilities. If the supply from a 
region is high enough (about 2000 pigs a week, cq. 100000 pigs a year), changing 
slaughterhouses is possible without losing time or money. These circumstances are different 
from traditional cases in the literature. This is the first reason to choose for the method with 
the single-period solutions. Another reason is the objective to give insight in the efficiency of 
the supply chain, which is obtained by analyzing the single- period solutions in combination 
with the optimal solution for the whole time horizon. Finally, also one-period second best 
solutions are very interesting to analyze. The eco- label pigs get slaughtered first thing in the 
morning, to avoid stress and to get the flesh as fresh as possible by the wholesaler. Therefore, 
it can be better for the Eco Label to use more slaughter houses than in the optimal solution, 
because the more slaughter-houses used, the sooner the pigs get slaughtered, the better the 
flesh quality and the fresher the meet that gets to the wholesalers.  
iv. In the Eco Label problem, a selection of slaughterhouses and wholesalers has to be made. 
As a result the problem contains two levels. 
 
Summarized the Eco Label Location problem is a discrete two-level multi-period capacitated 
facility location problem (see Figure 2).  
 
This research is focused on Eco Label pigs, "ordinary" pigs from traditional farming are not taken 
into consideration. As the population of Eco Label pigs compared to the pig population in total 
will stay less than 6 percent, changes in the distribution structure for Eco Label pigs will not 
cause large changes in the distribution structure for ordinary pigs.  
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We focus on the distribution between farmers and slaughterhouses and the distribution between 
slaughterhouses and wholesalers. Processes at the butchers and the consumers are not taken into 
account for several reasons: 
• Butchers are free to choose their own wholesalers. The Eco Label organization has 
marginal power to change these decisions.  The Butchers union has obliged themselves to 
buy the eco label pork through a Covenant with the farmers, the slaughterhouses and the 
wholesalers. Therefore, whatever the production of the pork is, there will be a demand 
somewhere at the butchers.  
• The consumers due not influence the choice of slaughterhouses and wholesalers. 
• The processes inside the pig-farmers, wholesalers en slaughterhouses are not included, 
exception for relevant distribution costs (see Figure 1). 
 
Environmental costs arise mainly at the farm (ammonia emission in the air, manure excesses, 
etc.), the environmental costs of transporting pigs and carcasses are very low compared to these 
emissions, and therefore not a main issue in this research.   
 
Summarizing, the main questions to be answered are: how many slaughterhouses to use in the 
coming five years, and which ones, and how many wholesalers to use and which ones to get an 
efficient supply chain.  
4. Model Framework 
 
The objective of the research is to develop an efficient distribution structure for the Eco Label 
Pigs, minimizing logistical costs. At first glance, this objective seems not appropriate for an Eco  
Label product, one would expect also environmental costs involved. However, from literature it 
appears that the environmental burden of the pig sector appears at the farm (mineral excesses) 
and not during the transportation and processing from pig to pork (Blonk, 2001). Eco Label  
requirements to protect the environment and animal well-being do appear in the model. Firstly, 
only slaughterhouses and wholesalers in the Netherlands are allowed to take Eco Label pigs and  
 
 
 11
Figure 2: Overview of the Problem Structure 
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pork. In traditional pig husbandry, a large amount of the living pigs are transported to Spain, Italy 
and other European countries to be slaughtered over there, and brought back as pork to be 
consumed in the Netherlands. This occurs because farmers get a higher price abroad and it is 
cheaper to transport pigs than pork that has to be cooled. Secondly, living pigs are allowed to be 
transported only 200 kilometres and are processed in the slaughterhouses early in the morning to 
avoid stress (whereas on average 500 kilometres is normal in traditional pig husbandry, which 
gives a real improvement in animal well-being).  
 
Therefore, the main question of the research is objective of the model to be built is:  
minimize relevant costs (both transportation costs and facility costs), given a finite set of 
locations for slaughterhouses and wholesalers with given capacities and a set of special Eco 
Label conditions. In order to answer the general research questions raised in section 2, and 
worked out specifically in section 3, the following elements of the modeling process must be 
considered: 
• Preparing the data for input into the model 
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• Modeling specific transportation and slaughtering costs 
• Making assumptions 
• Notation 
• Formulating the mathematical model 
 
4.1 Preparing the data for input in the model 
 
To evaluate long-term scenarios, a number of data has to be prepared in advance. 
i. Regions. For calculating the transportation costs from the farmers to the 
slaughterhouse and from the slaughterhouse to the wholesaler, a regional division of the 
Netherlands is necessary. Firstly, because we analyse future scenarios in which the 
precise locations of future farmers is not known. Secondly, the producing farmers 
themselves are presumably too small in size, especially in the first years of the forecast 
when the volume of the Eco Label pig population is not that high, and too many to deal 
with. Therefore it is reasonable to aggregate the producing farmers to about 40 areas of 
contracted municipalities. 
ii. Year productions.  In order to forecast growth scenarios for Eco label Pigs, it is 
necessary to gather data on the current spread of pig production in the Netherlands. The 
year production of a region is calculated by multiplying the cage capacity in a region with 
a cycle factor (i.e. the number of times the cage is occupied on average during a year). 
iii. Forecast of the population.  We assume an exponential growth in the production of 
Eco Label pork. At the start the production of eco label pigs is low, with a rather high 
entry-barrier. As the production and sales of eco label pigs becomes more accepted, more 
and more farmers will switch to the eco label, decreasing the entry barrier. This so-called 
snowball effect can best be modelled by an exponential growth model, i.e. 
 
ti
t
i gYY •= 0            (1) 
  
 with  
Yit  : the number of pigs in area i in period t 
Yi0  : the number of pigs in area i in period 0 
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g : the growth factor (constant) 
 
The number of Eco Label pigs in period 0 is assumed to be 26 000. If e.g. the goal is to 
arise at one million pigs a year after 5 years, the growth factor is 2.07. At the moment 
only three areas in the South East of the Netherlands produce Eco Label Pigs, therefore 
the regional spread of the traditional pig husbandry is used to assign values to the various 
regions in the first year.  
 
4.2 Modelling costs  
 
In the pig husbandry, living material is transported from A to B. As a result, almost no inventory 
takes place at the processes in the chain, i.e. the farm, the slaughterhouse, and the wholesaler. 
Therefore, these processes can be qualified as cross-dock processes. Inventory is only for a 
couple of hours until a truck is available for transport and never more than 12 hours. Relevant 
costs are transportation costs and facility costs. The inbound transportation costs occur from the 
farm to the slaughterhouses. Outbound transportation costs occur from slaughterhouses to 
wholesalers. The fixed and variable costs at the slaughterhouse depend highly on economies of 
scale.  
 
4.2.1 Transportation costs 
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Transportation costs for pigs are calculated per load. They depend on the distance, the duration of 
load, unload and transportation, and the number of pigs to be transported. On average, a load has 
about 100 pigs. Costs per load can be quantified as: 1.363 + 0.0056 * kilometers of the outward 
journey. Further costs are penalty costs: if a pig is transported over more than 100 kilometers, the 
change of dying during transportation is significant (1%). Capital loss of a pig is about  125 per 
load. If pigs have to be transported more than 200 kilometers, a penalty cost of  100 per pig is 
added, making this kind of transport very unlikely. The Eco Label organization decided to select 
14 slaughterhouses as suitable for the Eco Label chain.  
 
The Eco Label Pork is sold via a channel of selected butchers. This organization of selected 
butchers recommends about 13 wholesalers to use. These wholesalers are the set of possible 
locations in the model with given capacity. Transportation costs are calculated based on the 
duration of the transport, defined as load and unload, outbound journey and return journey. Load 
and unload take about 90 minutes (50 per hour), load unit is about 150 carcasses.  
 
4.2.2 Slaughtering costs 
 
Traditionally, farmers sell pigs to the slaughterhouse and get a certain price per kilogram in 
return. Costs of slaughtering are already part of this price. For Eco Label pigs a different structure 
is valid. The Eco Label organization buys the approved pigs back from the slaughterhouse to sell 
them to the wholesalers. Therefore only the slaughtering costs have to be taken into account. 
Because all other costs are calculated in number of pigs, an average amount of kilograms per pig 
is assumed. Slaughtering costs have economies of scale. The more pigs to slaughter in a year, the 
less the slaughter costs are. In practice the calculation has many graduations. If the amount of 
pigs is higher, the cost price for all pigs in a load is lower. Because for each possible interval a 
different cost price can be calculated, this is hard to model in a mixed integer linear programming 
model. Therefore this situation is simulated by using a piecewise linear cost function with a fixed 
and a variable cost component (see Figure 3). The variable cost part can be found in Table 1. 
The variable costs for a load of 100 000 pigs is e.g.: 52000 * 11.5 + 48000 * 9.5. Cost reductions 
mentioned in Table 1 are higher than the cost reductions in practice to compensate for the fact 
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that only a small number of segments is chosen in the cost function, with a fixed price in each 
segment.  
 
# slaughters a year in one slaughterhouse Costs per pig () 
0  52000 11.5 
52000  130000 9.5 
> 130000 6.5 
Table 1: Economies of scale in variable slaughtering costs 
The slopes of the segments are c1, c2, and c3.  The intercepts K2 and K3 are determined from the 
formula Ki+1 = Ki + ciUi  ci+1 Ui. By definition, ci+1 ≤  ci, as the cost curve represents an activity 
with economies of scale (compare Harkness and Revelle, 2003).  
 
U1 U2 U3
K1
K2
K3
Figure 3: Piecewise linear cost function  
 
This cost curve can be represented as follows:  
Define: 
          
 1 if Ui 1 < x ≤ Ui 
yi = 
 0 else 
 
 x if Ui 1 < x ≤ Ui 
xi = 
 16
 0 else 
and  
 
minimize K1 y1 + K2 y2 + K3 y3 + c1 x1 + c2 x2+ c3 x3    
subject to  
 
x1 ≤ U1 y1 
x2 ≤ U2 y2 
x3 ≤ U3 y3 
 
For the slaughtering costs we know the following values: 
U1 = 52000   c1   = 11.5 
U2 = 130000   c2   = 9.5 
U3 = infinity    c3   = 6.5 
This leads to the following values for K: 
K1 = 0: no costs if there is no pig to slaughter  
K2 = 0 + 11.5 * 52000  9.5 * 52000  =  104000 
K3 = 104000 + 9.5*130000  6.5 * 130000 =  494000 
 
Comparing this piecewise linear function to a cost function with even price decrease leads to 
Figure 4. For example, with 100000 pigs, in both cases the slaughtering costs are 10,54.  
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Figure 4: Comparison between even price decrease and segmented price decrease. 
 
Now the cost functions have been defined, next section describes the mixed integer linear 
programming model in total.  
  
4.3 Notation, Decision variables and the MILP model 
 
Indices: 
i∈I  = set of producing areas  
j∈J  =  set of slaughterhouses 
k∈K  = set of wholesalers 
t∈T  = set of breakpoints in the Piecewise Linear Cost Curve (see section 4.2) 
 
Parameters: 
ai  = production of pigs in area i (#pigs) 
bj  = maximum capacity at slaughterhouse j (#pigs) 
mk  = maximum capacity of wholesaler k (#carcasses) 
cij  = unit transportation costs between area i and slaughterhouse j (/pig) 
djk = transport time per shipment including load and unload from slaughterhouse j to      
wholesaler k based on a unit load of 150 carcasses (#minutes) 
h = costs for transporting carcasses (/minute) 
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gjk  = transportation costs from slaughterhouse j to wholesaler k (/carcasse)  
lt = variable slaughtering costs for breakpoint t  
vt = number of pigs at breakpoint t 
kt    = fixed slaughtering costs for breakpoint t 
 
Note that 
1. gjk = 2*djk/150*h, because transportation costs have to be assigned to both the forward 
and return journey; 
2. kt+1= kt + lt *vt – lt+1 * vt 
 
Decision variables: 
Wij = number of pigs transported from area i to slaughterhouse j (continuous) 
Xjk  = number of carcasses transported from slaughterhouse j to wholesaler k (continuous) 
Ujt  = number of pigs for slaughterhouse j  in cost segment t (semi-continuous) 
Yjt = boolean, 1 indicates vt-1 < Ujt ≤ vt else 0, i.e. the cost segment t in slaughterhouse j is 
relevant or not (bilinear).  
 
The Eco Label Location model can now be formulated as follows: 
 
)(min jttjtj t tjkj k jkiji ijj UlYkXgWcZ +++= ∑ ∑∑ ∑∑ ∑  (2)
Subject to: 
 
ij ij
aW ≥∑  i∀    (3) 
ji ij
bW ≤∑  j∀    (4) 
∑∑ = j jki ij XW  j∀    (5) 
kj jk
mX ≤∑  k∀    (6)
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∑∑ = t jti ij UW  j∀    (7) 
jttjt YvU <  t∀    (8) 
0, ≥jkij XW   
( )1,0∈jtY   
tjttjt vUvorU <≤→→= −10    
 
5. Analysis of the scenarios 
 
Two different scenarios have been analyzed. The first scenario assumes equal growth through all 
of the Netherlands, of course with the relation to the size of the normal pig production in mind. 
This scenario has been analyzed for both an optimistic growth to a production of one million Eco 
Label pigs in the next 5 years and a less optimistic production growth to just a half million pigs in 
the next 5 years. 
In the second scenario the growth of production is assumed only to be in the south of The 
Netherlands. This scenario has been chosen because of the present production of eco label pigs is 
just located there. The organization has also more business relations in the Southern Netherlands, 
not just with the farmers but also with the food producer, who is of great influence on the 
farmers. So the chance of convincing a farmer to join the Eco Label is much more likely to 
succeed in that region. This scenario is also analyzed for the rather positive and the less positive 
production growth. 
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Because of the rather insecure data about the slaughtering costs, a sensitivity analysis was carried 
out on this subject. The result of the analysis of the scenario with a growth throughout 
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Figure 5: Slaughtering houses in the optimal solution for each year 
 
the Netherlands to one million eco label pigs is given in Figure 5. It shows the number 
slaughtering-houses used in the optimal solution for each year, and the share of each used 
slaughtering-house of total slaughter. The results show that in the later years, with higher 
production, the use of more and more slaughtering houses is optimal. In 2002 only one 
slaughtering house is used in the optimal solution, while in 2006 seven slaughterhouses are used. 
The scenario with a growth to half a million eco label pigs has great resembles with the scenario 
of one million. Only in this scenario's almost in each year just one slaughterhouse is used in the 
optimal solution, with exception of the last year, 2006 with a production of half a million pigs, 
three different slaughterhouses are used.  
The growth of the number of slaughterhouses used if the production is growing can be explained 
with the slaughtering cost function. Large financial advantages arise for getting the number of 
slaughters per slaughtering-house at the breakpoint of the piecewise linear cost function, often 
more advantage can be made here than with the transportation costs optimization. As has been 
said two breakpoints are defined. The model first tries to reach the breakpoint with the largest 
financial advantage and the largest economics of scale. Only if the total production is either not 
big enough to fill a slaughtering-house to this breakpoint, or the production is so large it is 
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possible to fill more slaughterhouses with this number of slaughters, more than one 
slaughterhouse is used. Only one other situation can disturb this rule. If all regions have a 
production, no slaughterhouse can serve all the regions because of the maximum transportation 
distance of 200 kilometers. Even if the production scale can fill a slaughterhouse till the 
breakpoint, two slaughterhouses will be used in the optimal solution because of the constraint. If 
the breakpoint with the largest financial advantages can't be reached, the model tries to fill the 
slaughterhouses to the other breakpoint. In the result of the scenario's with assumed growth only 
in the south of The Netherlands almost always only one slaughterhouse is used each year in the 
optimal solution. This can be explained by the small surface of the area of production. 
 
The slaughtering costs in relation to the year production have a large influence at the number of 
slaughterhouses used, but which slaughterhouses are used is determined by the minimization of 
the transportation costs. Within these transportation costs the costs from the farmer to the 
slaughterhouse are larger and so of more influence than the transportation costs from 
slaughterhouse to wholesaler. The difference in costs is caused by two reasons. First a wholesaler 
can always be found near a slaughterhouse and secondly, animal transportation is more expensive 
then carcass transportation. 
The chosen wholesalers in the optimal solution are related to which slaughterhouse is used. Only 
more than one wholesaler is used when the optimal wholesaler hasn't enough capacity for the 
whole production of the slaughterhouse in question. Because of the relation between chosen 
slaughtering-house and wholesaler, the more slaughtering-houses are used in the optimal  
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Figure 6: Wholesalers in the optimal solution for each year 
 
solution, the more wholesaler are used also. This can be concluded from a comparison between 
Figure 5 and Figure 6, wholesalers used for the scenario growth to one million in whole of the 
Netherlands. Because of this large influence of the shape of the slaughtering costs in combination 
with the insecurity of correctness of these data a sensitivity analysis has been performed on this 
subject.  
If the variable cost differences between each segment in the cost function are smaller, the 
economies of scale are also smaller. In some cases the economies of scale of the largest segment 
(120 000) cannot longer compensate transportation over longer distances.  
 
The number of time each slaughterhouse is used in the optimal solution is shown in Figure 7. The 
most favorite slaughterhouse was the same for all scenarios, only the second and third optimal 
solution was different between the two scenarios. In the results of the scenario with production 
growth in only the south of The Netherlands just three different slaughterhouses were used. 
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Figure 7: Used slaughterhouses for all scenarios 
 
Conclusions 
 
With respect to the distribution structure, we can conclude that the slaughtering costs have a high 
impact on the results. The choice how many slaughtering houses to use is based on the 
slaughtering costs, whereas the transportation costs influence the choice which slaughterhouse to 
use. Some potential slaughterhouses are never chosen in a scenario. At least two slaughterhouses 
have to be chosen because of the Eco Label condition on allowable travel time. Taking all 
scenarios into account it is possible to select two slaughterhouse locations that are efficient 
during the five years of investigation. The optimal wholesaler locations depend of course on the 
used slaughterhouses.  
 
The approach presented in this paper can be used for location problems with the following 
characteristics: 
• discrete multi-level multi-period capacitated facility location problems 
• living products or perishable products (no inventory) 
• Quick growth of a new brand, competing an already existing brand 
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• Facilities are already available due to the existing brand, so no investment costs are 
required. 
Areas of interest to think about are e.g. Eco Label Fruit, Vegetables or Flowers but also green 
brands in gasoline (Shell Pura), or green electricity. Another area of interest is the growing 
segment of reused or remanufactured products that are sold as a B-grade flow parallel to the 
traditional product flows.  
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